VACCARO, AND G. R. CATALANO. Enzyme production by species of Cephalosporium. Appl. 1963.-The culture filtrates of ten species of Cephalospor-?um, which had been grown under conditions of submerged culture, were tested for enzymatic activity against each of seven substrates. The latter included casein, gelatin, milk, hemoglobin, human plasma clots, starch, and N-acetyl-3-D-glucosaminide. All organisms tested were active, but to varying degrees. The most pronounced activities were obtained against the proteinaceous substrates. Two unidentified species of Cephalosporium exhibited the highest over-all activities, but no one organism predominated for all enzymatic functions. The ability of a filtrate to degrade a specific substrate was not always correlated with its ability to attack other substrates. The fibrinolytic properties of three of the cephalosporia were of particular interest. a-Amylase activity was not significant. The results obtained suggest the possible use of selected species of Cephalosporium as sources of a variety of microbial enzymes.
MIost fungi, when grown in suitable substrates, yield culture fluids which abound with a variety of enzymes. Despite this fact, relatively few molds serve as industrial sources of microbial enzymes. Members of the genus Aspergillus, for example, have been thoroughly investigated and are used for the production of enzymes. For the vast majority of fungi, however, little or nothing is known of their enzyme-synthesizing potential. Thus, a wide choice of organisms is available for studies seeking to uncover new microbial enzyme sources. In our laboratories, studies relating to the chemical activities of species of Cephalosporium have been in progress for several years. This work has now been extended to include a survey of enzyme synthesis by the cephalosporia.
In the present study, ten species of Cephalosporium were investigated for the production of various extracellular enzymes capable of attacking both proteinaceous and carbohydrate substrates. Since the fungi under investigation have been previously neglected in this respect, the problem possesses both theoretical and practical implications. Production of fungal filtrates. All cultures were maintained on wheat germ-agar slants (Pisano, Carson, and Fleischman, 1962a) . The culture conditions of Pisano et al. (1962b) were employed to obtain active filtrates. The medium consisted of 2% corn meal, 2% soybean meal, and 0.5 % CaCO3 dispensed in 50-ml samples into 250-ml Erlenmeyer flasks. Inoculated flasks were incubated for 96 hr at 28.5 C on a rotary shaker, which was operated at 240 rev/min. The fermented medium was filtered through paper, and the resulting filtrates were stored at -20 C prior to use.
Enzyme assay procedures. The method of Dworschack, Koepsell, and Lagoda (1952) was used to measure casein digestion. The amount of the substrate (sodium caseinate) remaining after enzymatic digestion was determined by precipitation with sulfosalicylic acid. A standard curve was employed to obtain the amount of sodium caseinate digested by each filtrate. Determinations were made at 40 C, with the substrate adjusted to pH 7.5.
Gelatin liquefaction was measured by the procedure of Lennox and Ellis (1945) as modified by Dworschack et al. (1952) . This method employs a viscometer to determine the degree of liquefaction of a purified calfskin gelatin. The water bath was maintained at 40 C and the gelatin solution was adjusted to pH 7.5 with NaOH. Amino nitrogen was determined by Sorensen's formol titration as modified by Dworschack et al. (1952) . In this procedure, the aforementioned gelatin substrate was adjusted to pH 8.5, neutralized formalin added, causing the pH to drop, and the solution titrated back to pH 8.5 with 0.07 N NaOH. A titration of 1 ml represents 0.98 mg of amino nitrogen.
Milk-clotting activity was measured according to the procedure of Dworschack et al. (1952) . The substrate consisted of dried whole milk which had been reconstituted in 0.1 M acetate buffer at pH 4.6 (Balls and Hoover, 1937) . The end point was characterized by the formation of small clots which aggregated quickly. Tests were run with the water bath maintained at 40 C.
The procedure of Pisano et al. (1962b) was used to through the use of heated fibrin plates according to the method of Sgouris, Inman, and McCall (1960a Dworschack et al. (1952) , which were obtained for 491 strains of aspergilli. Although the ability to attack casein is shared by many fungi, the degree of caseinolytic activity may vary considerably. It is of interest to note that the two strains of C. sclerotigenum possessed identical casein-digesting activities. Parallel activities by these two strains against other substrates were also noted.
Only three of the ten species produced good yields of gelatinase (Table 2) . Dworschack et al. (1952) considered activities of approximately 74 units/ml as being exceptional. Cephalosporium spp. 3C and 7C were the most active, yielding 82 and 80 units/ml, respectively. Both organisms presented a yeastlike growth on agar slants, and typical spores were produced on slide culture. The colonial similarities suggest that they may be identical. It will be noted that both fungi yielded similar amounts of most of the enzymes tested. The substrate-enzyme mixtures employed in gelatin liquefaction were also examined for amino nitrogen liberation during hydrolysis ( Table 2 ).
Examination of the data revealed that gelatinase activity and amino nitrogen formation did not always correspond. Cephalosporium spp. 3C and 7C, for example, formed significantly different amounts of amino nitrogen, whereas gelatinase activities were almost identical. Dworschack et al. (1952) reported similar variations in attack on the same gelatin substrate for several species of Aspergillus. Milk-clotting activities of approximately 16 units/ml or more were considered significant when determined according to the procedure used. Of 10 cephalosporia, 8 possess good to exceptional milk-clotting ability (Table 3 ). In the case of five of the fungi, namely C. sclerotigenum 31C, C. sclerotigenum 32C, Cephalosporium spp. 3C, 7C, and 19C, high casein-digesting activity was coincidental with the high milk-clotting ability. This was not found to be true for C. acremonium, C. ciferri, and C. salmosynnematum. Thus, as shown here, and as shown by others (Dworschack et al., 1952; Pisano et al., 1962b) , casein digestion and milk-clotting activities do not always correspond.
The ability of the ten species of Cephalosporium to attack fibrin is shown in Table 4 . C. sclerotigenum 31C, Cephalosporium spp. 3C and 7C were the only species which exhibited plasma clot lysis values of over 20 %, although some lytic activity was produced by all organisms. Heated fibrin plates were employed to determine whether the lytic activities obtained were direct, or whether they merely represented activation of profibrinolysin. As seen in Table 4 , the last six species listed possessed direct fibrinolytic abilities. The most significant zones of lysis were formed by filtrates from Cephalosporium spp. 3C, 7C, and 19C. It is possible that the first four species listed in Table 4 also possess some degree of direct fibrinolytic activity, and the absence of positive data may be due to sensitivity limitations of the method. These four fungi probably yield filtrates containing profibrinolysin activators which would account for much of the activity obtained against the plasma clots.
The ability of the cephalosporia to degrade hemoglobin is shown in Table 5 Singh and Martin (1960) reported that the proteolytic enzyme present in culture filtrates of Penicillium cyaneofulvum showed a linear relationship between enzyme concentration and tyrosine liberation with casein as substrate, but not with hemoglobin. In the present study, only two of the ten organisms tested displayed high activity against hemoglobin, whereas five were highly caseinolytic. a-Amylase production by the ten species of Cephalosporium was not significant (Table 6 ). Both species of C. sclerotigenum and Cephalosporium sp. 19C yielded approximately 1 unit/ml of activity. These values are lower than those obtained by Dworschack et al. (1952) latter study, good a-aniylase production was rare among the hundreds of organisms tested. These authors also reported that mold strains which displayed good proteolytic activity had little amylolytic activity. This observation also held true in our study.
Only four species of Cephalosporium synthesized significant amounts of f-glucosaminidase (Table 7) . Both species of C. sclerotigenum yielded intermediate levels of the enzyme, whereas Cephalosporium spp. 3C and 7C produced the greatest quantities. As suggested previously, the latter two organisms are similar with regard to colonial morphology. Similarities in enzyme production strengthen the possibility that the two organisms may be identical. The highest activities reported here are less than those reported by Pisano et al. (1962b) for three of five strains of Paecilomyces persicinus. The latter investigators also found that the composition of the medium markedly affected 3-glucosaminidase production by the P. persicinus strains. It is likely that the levels of f-glucosaminidase obtained with the cephalosporia can be increased by varying the medium components. (Helferich and Iloff, 1933) .
DIscussIoN
Studies oni the production of enzymes by microorganisms have been limited in number and scope. According to McConnell (1950) , this fact appears to be particularly true for microbial proteases. Underkofler, Barton, and Rennert (1958) pointed out that, due to technological progress in the last several decades, microbial enzymes have replaced animal or plant enzymes in various industrial processes. These authors also suggest that only a relatively small number of microbial enzymes have been employed commercially, although the number is increasing as the field expands. The purpose of the present study was to establish whether or not fungi of the genus Cephalosporium can serve as sources of microbial enzymes. The results obtained indicate that certain cephalosporia yield significant amounts of enzymes which can attack a variety of substrates. Cephalosporium spp. 3C and 7C merit particular attention because of their ability to effectively attack casein, milk, gelatin, hemoglobin, and fibrin. Highest yields of ,B-glucosaminidase were also obtained with these organisms. The fibrinolytic activities of cephalosporia are presently undergoing further investigation in order to ascertain whether the associated enzymes might prove useful in the treatment of thromboembolic diseases. Recently, Karaca, Stefanini, and Miele (1962) described the use of a fibrinolytic preparation, obtained from the filtrates of cultures of A. oryzae B-1273, in 20 patients with disseminated carcinomatosis, lymphoma, or leukemia, and cerebral and coronary occlusion. Visible lysis of the wholeblood clot was observed in at least 60 % of all cases. In addition, the mold preparation, referred to as "Aspergillin O", proved to be only slightly toxic, slightly pyrogenic, and nonantigenic. The results obtained by these workers lend encouragement to studies seeking to uncover additional, and perhaps more desirable, fibrinolytic enzymes from other fungi. In addition to fibrini, several of the fungi investigated yielded enzymes which readily degraded other protein substrates. The increasing number of industrial uses for microbial proteases, as well as their specific modes of attack on the peptide linkage, suggests that proteolytic enzymes originating from the cephalosporia may have practical applications. As with the fibrinolytic enzymes, further investigation is required.
The elaboration of 3-glucosaminidase by the cephalosporia is of interest, since it is known that N-acetylglucosamine is present in microbial cell walls. In their studies oni the cell walls of Mllicrococcus lysodeikticus, Ghuysen (1959, 1960) employed an enzyme of Streptomyces origin which possessed N-acetylglucosaminidase activitv. Woollen, Walker, and Heyworth (1961) reported other microbial sources of N-acetylglucosaminidase, which included bacteria and fungi. Pisano et al. (1962b) found various strains of P. persicinus to be active producers of the enzyme. Aside from the foregoing, little is known regarding the production of ,B-glucosaminidase by microorganisms. 
